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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide activated 



carbon for an electrode, where the amount of expansion 
upon charging can be reduced, when a polarizable 
electrode for an electric double-layer capacitor is 
constituted. 

SOLUTION: When activated carbon for an electrode are 
manufactured, this method employs the steps of 
subjecting a material for activated carbon, which is an 
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aggregate of individual bodies, to oxygenation treatment to obtain an oxygen adduct in which 
oxygen is dispersed inside each entire individual body, subjecting the oxygen adduct to 
carbonization treatment to obtain a carbonized material and subjecting the carbonized 
material to activation treatment, to obtain activated carbon. 
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* NOTICES * 

JPO and. INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the activated carbon for 

electrodes of an electric double layer capacitor, and a polarizable electrode. 

[0002] 

[Description of the Prior Art] Conventionally, as this kind of the manufacture approach, the increment in 
electrostatic capacity is aimed at and the method of performing carbonization processing and alkali 
activation processing using KOH one by one is learned, using the raw material for graphitizing carbon 
as a raw material for activated carbon. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the amount of expansion at the time of 
charge of the polarizable electrode is large when a polarizable electrode is constituted using the 
activated carbon for electrodes by the conventional method, For example, although it is necessary to 
provide a means to raise case reinforcement in order to prepare the space corresponding to said amount 
of expansion in a case in the electric double layer capacitor of a laminating mold or a winding mold or to 
receive the expansion force In the case of the former, the fault of the fall of the electrostatic capacity per 
unit volume is invited, and, on the other hand, in the case of the latter, faults, such as a rise of case cost 
and case weight increase, are invited. 
[0004] 

[Means for Solving the Problem] This invention aims at offering said manufacture approach that the 
activated carbon for electrodes which can reduce the amount of expansion at the time of the charge can 
be obtained, when a polarizable electrode is constituted. 

[0005] Oxygen attached processing gives the raw material for activated carbon which is the set object of 
an individual according to this invention in order to attain said purpose, and the manufacture approach 
of the activated carbon of an electric double layer capacitor for electrodes using the process which 
obtains the oxygen addition product which made the whole interior of these individuals distribute 
oxygen, the process which perform carbonization processing to the oxygen addition product, and obtain 
carbonization material, and the process which perform activation processing to the carbonization 
material, and obtain activated carbon is offered. 

[0006] When the above oxygen attached processing was performed and a polarizable electrode is 
constituted using the activated carbon pass subsequent carbonization processing and activation 
processing, the amount of expansion at the time of charge of the polarizable electrode can be reduced. 
[0007] Moreover, this invention aims at offering the polarizable electrode for electric double layer 
capacitors with the small amount of expansion at the time of charge. 

[0008] In order to attain said purpose, according to this invention, it has activated carbon obtained by 
performing oxygen attached processing before carbonization processing, and the polarizable electrode of 
an electric double layer capacitor whose expansion coefficient Ec at the time of charge termination is 
Ec<=50% is offered. 
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[0009] The desired end can be attained if constituted as mentioned above. 
[0010] 

[Embodiment of the Invention] In drawing 1 , the carbon button mold electric double layer capacitor 1 
has the spacer 5 inserted between the polarizable electrodes 3 and 4 of a pair held in a case 2 and its case 
2, and them, and the electrolytic solution with which it filled up in the case 2. A case 2 consists of a 
cover plate 8 made from aluminum which closes the vessel body 7 made from aluminum which has 
opening 6, and its opening 6, and the seal of between the periphery section of the cover plate 8 and the 
inner circumference section of a vessel body 7 is carried out by the sealant 9. Each polarizable 
electrodes 3 and 4 consist of mixture of activated carbon, an electric conduction filler, and a binder. 
[001 1] In manufacture of the activated carbon for electrodes, oxygen attached processing is given to the 
raw material for activated carbon which is the set object of an individual, and the process which obtains 
the oxygen addition product which made the whole interior of these individuals distribute oxygen, the 
process which performs carbonization processing to the oxygen addition product, and obtains 
carbonization material, and the process which performs activation processing to the carbonization 
material, and obtains activated carbon are used. Grinding processing is performed to the carbonization 
material obtained by carbonization processing if needed. 

[0012] When the above oxygen attached processing is performed, the whole interior of two or more 
individuals was made to distribute oxygen and polarizable electrodes 3 and 4 are constituted using the 
activated carbon pass subsequent carbonization processing and activation processing, the amount of 
expansion at the time of charge of these polarizable electrodes 3 and 4 can be reduced. 
[0013] As a raw material for activated carbon, powder, a fiber set object (the set object of the fibrous 
object by spinning is included), etc. which consist of raw materials for graphitizing carbon, such as a 
petroleum pitch, a mesophase pitch, a coal pitch, a meso carbon micro bead, polyimide, and PAN, are 
used. Therefore, the individual in powder is one particle and the individual in a fiber set object is either 
one fiber or a fibrous object. In order to diffuse oxygen, the magnitude of these particles, fiber, and a 
fibrous object comes out [ particle ] the average diameter of 20 micrometers or less about the mean 
particle diameter of 20 micrometers or less, fiber, and a fibrous object, and a certain thing is desirable. 
After oxygen attached processing is a predetermined programming rate, and heats the raw material for 
activated carbon to predetermined temperature in air or reaches predetermined temperature, it is carried 
out to the temperature by the approach of carrying out predetermined time maintenance. 
[0014] In this case, if weight of the raw material for activated carbon is set to W and the weight of W+ 
oxygen of an oxygen addition product, i.e., the amount, is set to X, the weight rate of increase Y by 
oxygen attached processing will be expressed as Y={(X-W) /W} xl00(%), and that weight rate of 
increase Y will be set up to 2% <== Y<=20%. Y< 2% of the amount depressor effect of expansion of a 
polarizable electrode is [ the weight rate of increase Y ] insufficient, on the other hand, at Y> 20%, 
during carbonization processing of degree process, carbon burns and the yield of carbonization material 
decreases. The weight rate of increase Y is Y>=3.5% preferably. 

[0015] Said programming rate V in oxygen attached processing in order to store the above weight rate of 
increase Y in said range is 1 degree C / min <=V<=20 degrees C /, and min. Moreover, whenever 
[ stoving temperature ], Tl is set as 250 degree-C<=Tl <=350 degree C, and (holding-time h) tl is set 
up further in 10-3-hour <=tl <= 10 hours, respectively. 

[0016] Moreover, P2 05, a quinone, a hydroquinone, etc. may use the derivative which makes these a 
subject that oxygen attached processing should be promoted. 

[0017] Carbonization processing is performed based on the well-known conditions adopted in this kind 
of the manufacture approach. Namely, among an inert gas ambient atmosphere, whenever [ stoving 
temperature ], T2 is set as 600 degree-C<=T2 <=1000 degree C, and heating time t2 is set up in 10 to 3 
hour <=t 2<=10 hours, respectively. 

[0018] The alkali activation processing using KOH as activation processing is applied, and that alkali 
activation processing is performed based on the well-known conditions adopted in this kind of the 
manufacture approach. Namely, among an inert gas ambient atmosphere, whenever [ stoving 
temperature ], T3 is set as 500 degree-C<=T3<=1000 degree C, and heating time t3 is set up in 10 to 3 
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hour <=t 3<==10 hours, respectively. 
[0019] Hereafter, an example is explained. 

[0020] A. The set object which consists of a fibrous object with an average diameter of 14 micrometers 
was obtained by performing spinning using the manufacture 1 . oxygen (attached-processing a) 
mesophase pitch of fibrous activated carbon, (b) Examples 1-9 of an oxygen addition product were 
acquired by performing oxygen attached processing which differs in conditions using the set object, (c) 
It asked for the weight rate of increase Y about Examples 1-9. 

[0021] Table 1 shows the conditions of oxygen attached processing and the weight rate of increase Y 

about Examples 1-9. 

[0022] 
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[0023] In Table 1, when there is no publication of the holding time and whenever [ furnace 
temperature ] becomes whenever [ stoving temperature ], it means having taken out the oxygen addition 
product from the processing furnace immediately. 

[0024] 2. 700 degrees C and carbonization processing of 1 hour were performed to Examples 1-9 of a 
carbonization processing oxygen addition product among the nitrogen air current, subsequently grinding 
processing was performed, and Examples 1 -9 of the graphitizing carbon fiber corresponding to these 
examples 1 -9 were acquired. 

[0025] The true density of Examples 1-9 is as in Table 2. The specific gravity converting method for 
having used the butanol estimated true density. 
[0026] 
[Table 2] 
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[0027] Next, about Examples 1, 6, and 9, with the electron ray step scan of TEM-EDX, when the 
oxygen density in the diameter part of each carbon fiber was investigated, the result of drawing 2 -4 was 
obtained. 

[0028] As for drawing 2 , addition oxygen exists about Example 1 only at the periphery section of a 
carbon fiber, and addition oxygen does not exist inside it. each carbon fiber from which a this addition 
oxygen's existence condition constitutes Example 1 — abbreviation - it was the same. This example 1 is 
equivalent to the conventional non-deliquesce processing object so that clearly from the oxygen 
attached-processing conditions of Table 1. 

[0029] Drawing 3 is made into Example 6, and Seki of drawing 4 is made to Example 9, respectively, 
and it turns out that addition oxygen is distributing inside [ whole ] a carbon fiber in both the examples 6 
and 9. Although there are few amounts of addition oxygen of a core and its near compared with it of the 
periphery section in Example 6 of drawing 3 since there are few amounts of addition oxygen than 
Example 9 of drawing 4 , in the case of Example 9, there are many amounts of addition oxygen, and 
addition oxygen is distributing it to abbreviation homogeneity inside a carbon fiber in connection with 
it. each carbon fiber from which the addition oxygen distribution condition of drawing 4 constitutes 
Example 9 about each carbon fiber from which the addition oxygen distribution condition of drawing 3 
constitutes Example 6 — respectively — abbreviation — it was the same, each carbon fiber in which an 
addition oxygen distribution condition constitutes each example from these things also in each 
remaining examples — abbreviation — it can be said that it is the same. 

[0030] 3. KOH was used for Examples 1-9 of an alkali activation processing carbon fiber, alkali 
activation processing which consists of 400 degrees C 3 primary processing of 1 hour and 800 degrees C, 
and secondary treatment of 5 hours into a nitrogen air current was performed, and Examples 1-9 of the 
fibrous activated carbon with an average diameter of 14 micrometers corresponding to Examples 1-9 
were acquired. 

[0031] B. The electrode sheet with a thickness of 185 micrometers was manufactured by carrying out 
weighing capacity of Example 1 , carbon black (electric conduction filler), and PTFE (binder) of 
manufacture fibrous activated carbon of a carbon button mold electric double layer capacitor so that it 
may become the weight ratio of 85.6:9.4:5, kneading the weighing capacity object subsequently, and 
rolling out after that using a kneading object. The polarizable electrodes 3 and 4 with a diameter of 
20mm of two sheets were cut down from the electrode sheet, and the carbon button mold electric double 
layer capacitor 1 of drawing 1 was manufactured using the polarizable electrodes 3 and 4 of these two 
sheets, the diameter of 25mm, the spacer 5 made from a glass fiber with a thickness of 0.35mm, the 
electrolytic solution, etc. As the electrolytic solution, the propylene carbonate solution of the triethyl 
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methylammonium tetrafluoro baud rate [(C two H5) 3 CH3 NBF4] of 2.0M was used. 
[0032] Thus, let the carbon button mold electric double layer capacitor using Example 1 of activated 
carbon be a sample 1 . Moreover, the samples 2-9 of a carbon button mold electric double layer capacitor 
were manufactured by said same approach using Example 1 and Examples 2-9 of the activated carbon 
which has the same fiber length. 

[0033] C. About the electrostatic-capacity consistency of activated carbon, and the electric resistance 
value aforementioned sample 1 of a polarizable electrode, the following charge and discharge tests were 
performed and, subsequently the electrostatic-capacity consistency (F/g and F/cc) and electric resistance 
value of Example 1 of activated carbon were calculated by the energy converting method. In the charge 
and discharge test, the approach of performing charge for 90 minutes and discharge for 90 minutes in 
2.7V was adopted. The same charge and discharge test was performed also about samples 2-9, and it 
asked for the electrostatic-capacity consistency of Examples 2-9 of activated carbon etc. 
[0034] D. As shown in calculation drawing 5 of the expansion coefficient Ec of a polarizable electrode, 
said same polarizable electrode 3 of two sheets using Example 1 of activated carbon and the layered 
product 10 which made 40mm long, 40mm wide, and the spacer 5 made of a nonwoven fabric with a 
thickness of 0.24mm intervene among four were made into the sample 1 , and this was installed on the 
inner base of the cistern 1 1 made from aluminum. In the cistern 11, said same electrolytic solution 12 
was poured in, subsequently to the top face of the upper polarizable electrode 3, the copper vertical 
section 14 lower-limit side of the pressurization object 13 was laid, and the vertical section 14 and a 
cistern 1 1 were further connected to the charge-and-discharge circuit 17 through path cords 15 and 16. 
In the condition of having set the load of the pressurization object 13 over the biparite polarity 
electrodes 3 and 4 as 3kg Charge and discharge called discharge are repeated using the charge-and- 
discharge circuit 17 in 5mA of constant current, and 5mA of constant current which ranks second to 
charge and it in constant-voltage 2.7V for 2 hours. A deed and the amount of the maximum expansion in 
the thickness direction of the biparite polarity electrodes 3 and 4 at the time of charge, i.e., the maximum 
thickness of a layered product 10, were measured using a laser displacement gage as an amount of 
displacement of the pressurization object 13. And thickness before charge of a layered product 10 was 
set to Ta, and on the other hand, when the volume at the time of charge termination of a layered product 
10 was set to Tb, the expansion coefficient Ec of a polarizable electrode was computed as Ec={(Tb- 
Ta)/Ta} xl00(%). 

[0035] The samples 2-9 with the polarizable electrodes [ measurement / same ] 3 and 4 using Examples 
2-9 of activated carbon of a layered product 1 0 were followed. 

[0036] E. The consideration table 3 shows the electrode consistency about samples (the carbon button 
mold electric double layer capacitor 1 and a layered product 10 are included) 1-9, the electrostatic- 
capacity consistency (F/g) of the activated carbon per unit weight, the electrostatic-capacity consistency 
per unit volume (F/cc), and the expansion coefficient Ec of a polarizable electrode. In Table 3, the 
weight rate of increase Y in the oxygen addition product of Table 1 was carried for convenience. 
[0037] 
[Table 3] 
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[0038] Drawin g 6 graph-izes relation of the weight rate of increase Y of an oxygen addition product and 
the expansion coefficient Ec of a polarizable electrode about samples 1-9 based on Table 3. (1) - (9) 
corresponds to samples 1-9 among drawing, respectively. 

[0039] If the weight rate of increase Y of an oxygen addition product is made to increase so that clearly 
from drawing 6 9 the expansion coefficient Ec of polarizable electrodes 3 and 4 will decrease. In this 
case, at Y= 1 .0%, the expansion coefficient Ec of polarizable electrodes 3 and 4 exceeds [ the weight 
rate of increase Y of an oxygen addition product ] 50% like a sample 1 . 
[0040] 

[Effect of the Invention] When a polarizable electrode is constituted by adopting the above means 
according to invention of claim 1 and three publications, the manufacture approach of the activated 
carbon for electrodes of an electric double layer capacitor which can obtain the activated carbon which 
can reduce the amount of expansion at the time of the charge can be offered. 

[0041] When a polarizable electrode is constituted by adopting the above means according to invention 
of claims 2 and 4 and five publications, the manufacture approach of the activated carbon for electrodes 
of an electric double layer capacitor which can obtain the activated carbon which can reduce much more 
certainly the amount of expansion at the time of the charge can be offered. 

[0042] According to invention according to claim 6, the polarizable electrode for electric double layer 
capacitors with the small amount of expansion at the time of charge can be offered. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1 ] The manufacture approach of the activated carbon of the electric double layer capacitor 
characterized by to give oxygen attached processing to the raw material for activated carbon which is the 
set object of an individual, and to use the process which obtains the oxygen addition product which 
made the whole interior of these individuals distribute oxygen, the process which performs 
carbonization processing to the oxygen addition product, and obtains carbonization material, and the 
process which performs activation processing to the carbonization material, and obtains activated carbon 
for electrodes. 

[Claim 2] When weight of said raw material for activated carbon is set to W and weight of said oxygen 
addition product is set to X, the weight rate of increase Y by said oxygen attached processing is the 
manufacture approach of the activated carbon for electrodes of an electric double layer capacitor 
according to claim 1 which is 2% <= Y<=20%. 

[Claim 3] The manufacture approach of the activated carbon of the electric double layer capacitor 
characterized by to give oxygen attached processing to the raw material for graphitizing carbon which is 
the set object of an individual, and to use the process which obtains the oxygen addition product which 
made the whole interior of these individuals distribute oxygen, the process which perform carbonization 
processing to the oxygen addition product, and obtain carbonization material, and the process which 
perform alkali activation processing to the carbonization material, and obtain activated carbon for 
electrodes. 

[Claim 4] When weight of said raw material for graphitizing carbon is set to W and weight of said 
oxygen addition product is set to X, the weight rate of increase Y by said oxygen attached processing is 
the manufacture approach of the activated carbon for electrodes of an electric double layer capacitor 
according to claim 3 which is Y>=3.5%. 

[Claim 5] Said individual in said raw material for graphitizing carbon is the manufacture approach of the 
activated carbon for electrodes of an electric double layer capacitor according to claim 3 or 4 of being 
either fiber or a fibrous object and performing said grinding processing after carbonization processing. 
[Claim 6] The polarizable electrode of the electric double layer capacitor which has activated carbon 
obtained by performing oxygen attached processing before carbonization processing, and is 
characterized by the expansion coefficient Ec at the time of charge termination being Ec<=50%. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the important section fracture front view of a carbon button mold electric double layer 
capacitor. 

[Drawing 2] It is the graph which shows the oxygen density in an example of a carbon fiber. 
[Drawing 3] It is the graph which shows the oxygen density in the other examples of a carbon fiber. 
[Drawing 4] It is the graph which shows the oxygen density in other examples of a carbon fiber further. 
[Drawing 5] It is the schematic diagram of the expansion coefficient measuring device of a polarizable 
electrode. 

[Drawing 6] It is the graph which shows the relation between the weight rate of increase Y of an oxygen 
addition product, and the expansion coefficient Ec of a polarizable electrode. 
[Description of Notations] 

1 Carbon button mold electric double layer capacitor 

3 4 Polarizable electrode 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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